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VITA(Variable-Interval Time-Averaging) $\langle$3) 4 (4)
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$Re$ 4000 . ,
{10), (11), $\langle$ 12) ,
$*$ ,
892 1995 180-194 180
1$\overline{Kinematic}$viscosity $\nu$ $0.99\cross 10^{-6}m^{2}/s$
Mean centerline velocity $U_{c}$ 8. $0cm/s$
Friction velocity $u_{\tau}$ 5. $lmm/s$
Reynolds number $Re$ 4000






LDV $16mm$ BOLEX Hl $6SBM$
( : $1.4\iota//u_{\Gamma}^{2}$). $u$
$v$ , 2 LDV (DISA 55 KANOMAX
27 ) . $500\nu/u_{\tau}$
$y^{+}$ $=$ 35( , $\nu$ $u_{\tau}$
$+$ ) . LDV






. VITA (14) , u’
$\hat{var}(t;T)=\frac{1}{T}\int_{-T/2}^{t+T/2}(u’(s))^{2}ds-(\frac{1}{T}\int_{t-T/2}^{t+T/2}u’(s)ds)^{2}$ (1)
$\hat{var}>k_{th}u_{rms}^{2}$ . , $T$ ,
$k_{th}$ , urms u’ . , ( , VITA
) , ’$/dt>0$ ’$/dt<0$
( , VITA $(+)$ , VITA(-) ) . , 4 $\langle$ 15) ,
u’ , v’
, 2 ( , Q2 ) .
, $|u’v’|>H_{th}u$rmsvrms . , $H_{th}$ , vrms v’
. , , VITA $k_{th}=1$ , $T^{+}=10$
, 4 $H_{th}=3$ . , VITA , 4
. ,
(11) .




2 VITA$(+)$ , VITA$(-)$ Q2
Q2 with $VITA(+))$ 0.32
Q2 with VITA$(-)$ 0.06
Q2 with VITA$(+$ $)$ and VITA$(-)$ 0.01
Q2 without VITA 0.61
3 $Q2_{2}$ Q4 VITA$(+)$ , VITA$(-)$
$\frac{VIT.A(+)VITA(-)}{0490.53}$with Q2
with Q4 0.14 0.13
with Q2 and Q4 0.03 0.01
without Q2 and Q4 0.34 0.33
2 VITA$(+)$ , VITA$(-)$ Q2 Q2
, 3 Q2, Q4
VITA( ), VITA$(-)$ VITA( ), VITA$(-)$
. , VITA$(+)$ , VITA$(-)$ Q2
, Q2 VITA .
, VITA 4 , 4
VITA . 4 , VITA 4
,
. 2 , 3 VITA 4
,
. VITA , 4
,
. ,
$\theta$ . 1 , $\theta$
. $\theta$
, $16mm$ NAC SPORTIAS 300 , VITA
, 4 $|u’v’|$
. 2 $\theta$ . , $\theta$
, Q2 , Q2 VITA$(+)$ , Q2 VITA
, VITA$(+)$ . Q2
VITA$(+)$ $\theta$ , Q2 $o\circ<\theta\leq 5^{o}$ 68 %
4







, $5^{o}<\theta\leq 10^{o}$ . , Q2 VITA
, VITA$(+)$
, $Q2$ , VITA $0^{o}<\theta\leq 5^{o}$
79 % , VITA$(+)$
57 % . , $Q2$ – VITA$(+)$
, VITA
Q2 . , VITA 4
, .
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Q2 with VITA$(+$ $)$ $6.8^{o}$










3 . $Ox$ , $x$ ,
$y$ , $z$ , , , .
$U_{0}$ $U_{0}e_{x}+Sye_{x}$ . , $e_{x}$ $x$ , $S(>0)$
. , $y=0$ , $x$
$U_{0}$ . $O’x_{1}x_{2}x_{3}$
, $x_{1}$ , $x_{2}$ , $x_{3}$ , $x$ , $y$ , $z$
. $O’$ . $y=0$ $x_{1}$
$x_{3}$
$\theta$ , $0’ x_{1}’x_{2}’x_{3}’$ $x_{1}’$
. , $0^{o}<\theta\leq 90^{o}$ . (ii)
$\partial/\partial x_{1}’=0$ , $0’ x_{1}’x_{2}’x_{3}’$ $u_{1}’,$ $u_{2}’,$ $u_{3}’$ ,
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$p$ Euler ;
$\frac{\partial u_{1}’}{\partial t}+u_{2}’\frac{\partial u_{1}’}{\partial x_{2}}+u_{3}’\frac{\partial u_{1}’}{\partial x_{3}}=0$, $(2a)$
$\frac{\partial u_{2}’}{\partial t}+u_{2}’\frac{\partial u_{2}’}{\partial x_{2}}+u_{3}’\frac{\partial u_{2}’}{\partial x_{3}}=-\frac{1}{\rho}\frac{\partial p}{\partial x_{2}}$ , $($ 2 $b)$
$\frac{\partial u_{3}’}{\partial t}+u_{2}’\frac{\partial u_{3}’}{\partial x_{2}’}+u_{3}’\frac{\partial u_{3}’}{\partial x_{3}}=-\frac{1}{\rho}\frac{\partial p}{\partial x_{3}’}$, $(2c)$
$\frac{\partial u_{2}’}{\partial x_{2}}+\frac{\partial u_{3}’}{\partial x_{3}’}=0$ . (3)
(2), (3) , (i) $u_{2}’,$ $u_{3}’,$ $p$ $u_{1}’$ $=$
Euler $(2b, c)$ (3) ;(ii) $u_{1}’$
$0$ ( , $u_{1}’$ ) Guezennec
(7) DNS ,
, .
, $0’ x_{2}’x_{3}’$ $(2b, c)$ , (3)
. , (i) $u_{2}’arrow 0,$ $u_{3}’arrow 2\gamma x_{2}’$
;(ii) $E$ $0$
;(iii) $E$
. , $2\gamma(<0)$ $x_{1}’$ , Se $x_{1}’$ ,
$-S\sin\theta$ . , (iii) $E$
. Moore-Saffman (18) $=$
. (i), (ii) $(2b, c)$ , (3) , $E$
$\Psi=-\frac{1}{2}\Omega ab(\frac{x_{2}^{\prime 2}}{a^{2}}+\frac{X_{3}^{\prime 2}}{b^{2}}-1)$ (4)
. , $\Psi$ $(u_{2}’=\partial\Psi/\partial x_{3}’, u_{3}’=-\partial\Psi/\partial x_{2}’)$ ,
$E$ $0$ $\Psi$ . $a,$ $b$ $E$ $x_{2}’$ , $x_{3}’$ ,
$\Omega=\frac{\omega_{0}ab}{a^{2}+b^{2}}$ . (5)
$\omega_{0}$ $x_{1}’$ ( $=$ ) . , (i), (ii)
$E$ $\omega$o . $\omega_{0}<0$ ,
$\Psi=-\frac{\gamma c^{2}}{4}(\cosh 2\xi+\cos 2\eta)+\frac{\gamma c^{2}}{4}\cosh 2\xi\cos 2\eta$
$+ \frac{\gamma c^{2}}{4}(1-\cosh 2\xi_{0})e^{-2(\xi-\xi_{0})}\cos 2\eta$




$x_{3}’=c\cosh\xi\cos\eta$ , $($ 7 $b)$
$c=\sqrt{b^{2}-a^{2}}$. $(7c)$
, $b>a$ , $\xi_{0}$ $=c\cosh\xi_{0},$ $a=$ csinh $\xi_{0}$ . (6)
, 1 , 2 , 3 $E$
$0$ , 4
$\Gamma$ . , (iii) ,
;
$\frac{2\gamma}{\omega_{0}}=\frac{\Theta^{-1}(\Theta^{-1}-1)}{\Theta^{-2}+1}$ , (8)
$\Gamma=\pi ab(\omega_{0}-2\gamma)$ . (9)
, $\Theta^{-1}=b/a>1$ , (8) $2\gamma/\omega_{0}$
$0< \frac{2\gamma}{\omega_{0}}<1$ (10)
. , $\omega_{0}>0$ ,
$\Psi=-\frac{\gamma c^{2}}{4}(\cosh 2\xi+\cos 2\eta)-\frac{\gamma c^{2}}{4}\cosh 2\xi\cos 2\eta$
$+ \frac{\gamma c^{2}}{4}(1+\cosh 2\xi_{0})e^{-2(\xi-\xi_{0})}\cos 2\eta$
$- \frac{\Gamma}{2\pi}(\xi-\xi_{0})+\frac{\gamma c^{2}}{4}\cosh 2\xi_{0}$ (11)
. ,
$x_{2}’=c\cosh\xi\cos\eta$ , $(12a)$
$x_{3}’=c\sinh\xi\sin\eta$ , $($ 12 $b)$
$c=\sqrt{a^{2}-b^{2}}$. $(12c)$
, $a>b$ , $\xi_{0}$ $a=c\cosh\xi_{0},$ $b=$ csinh $\xi_{0}$ . (11)
(6) . , (iii)
, ;
$\frac{2\gamma}{\omega_{0}}=-\frac{\Theta-1}{\Theta^{2}+1}$ , (13)
$\Gamma=\pi ab(\omega_{0}-2\gamma)$ . (9)
, $\Theta=a/b>1$ , (13) $2\gamma/\omega_{0}$
$- \frac{\sqrt{2}-1}{2}<\frac{2\gamma}{\omega_{0}}<0$ (14)
. $u_{2}’,$ $u_{3}’$ $\Psi$
. $u_{1}’$ , $t=0$ $u_{1}’$
, , $u_{1}’$ . $t=0$ $u_{1}’$
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6Velocity gradient $S^{+}$ 0.11
Vorticity in vortex core $\omega_{0}^{+}(>0)$ 0.14
Vorticity in vortex core $\omega_{0}^{+}(<0)$ $-0.18$
Vortex core diameter $2a^{+}$ 25
Vortex yaw angle $\theta$ $10^{o}$
$Sx_{2}’e_{x}$ $x_{1}’$ $Sx_{2}’\cos\theta$ . , $t(>0)$
$u_{1}’$ , $x_{2}’,$ $x_{3}’$ $X_{2}’,$ $X_{3}’$ :
$\frac{dX_{2}’(X_{0}’,t)}{dt}=u_{2}’(X_{2}’(X_{0}’,$ $t),$ $X_{3}’(X_{0}’,$ $t))$ , $(15a)$
$\frac{dX_{3}’(X_{0}’,t)}{dt}=u_{3}’(X_{2}’(X_{0}’,$ $t),$ $X_{3}’(X_{0}’,$ $t))$ $($ 15 $b)$
. , (15) $t(>0)$
$t=0$ $X_{0}’$ , $u_{1}’|_{t=0}$
, $u_{1}’$ . (15) 2
Euler . , DNS
Robinson(19) , 6 .
Robinson(19) , ,
, $y^{+},$ $\omega\neg,$ $d^{+}$ , 30, 0.16, 25
. , $S^{+}$ (20) $y^{+}=30$
, $S^{+}=0.11$ . $\omega$ ,
, $|\omega_{0}^{+}-2\gamma^{+}|$
, $\omega_{0}^{+}=\pm 0.16/\cos\theta+2\gamma^{+}$ $(2\gamma^{+}=-S^{+}\sin\theta)$ .
, $E$ $a^{+},$ $b^{+}$ , $b^{+}$ $\theta$ 6 , $2a^{+}$ $d^{+}$
, $2a^{+}=25$ . , $\theta$ , VITA
$10^{o}$ ( 5
), $\theta=10^{o}$ . $\theta=10^{o}$ $\omega$ 4 ,
(10), (14) . , $\theta=10^{o}$ .
, $2\gamma^{+}=-0.019$ , (8), (13) $\omega$0
$+$ $=0.14$ $\Theta$ $=1.4,$ $\omega_{0}^{+}=-0.18$
$\Theta$ $=0.82$ . , 4 $\omega_{0}^{+}=0.14,$ $-0.18$ ,
$A$ , $B$ . A
, $B$ .
5.
, VITA $(+)$ , VITA$(-)$ .
$l\overline{2}$ VITA $(+\perp$, VITA$(-)$ Hi $*tf\approx ^{\grave{\text{ }}\grave{y}}$ $\uparrow_{arrow}^{\vee}Xl$ $u^{\prime+},$ $v^{\prime+}$ ,











. , $=0$ $|\partial u_{1}^{+}/\partial x_{1}^{+}|$ ,
$\tau+$ $=$ $/\text{ _{}0}+$ . , $\text{ _{}0}+$
, DNS $y^{+}=30$ (21) , $\text{ _{}0}^{+}=14$
. , $t^{+}$ ,
$b^{+}/(U_{0}^{+}\sin\theta)$ $4\pi/|\omega_{0}^{+}|$
, $t^{+}$ $=0$ $|\partial u_{1}^{+}/\partial x_{1}^{+}|$ .
4 , 5 , VITA$(+)$ A, VITA$(-)$ $B$
. , 5 , (22)





. , VITA $(+)$ , VITA$(-)$











, , . 6
$A,$ $B$ $u_{1}^{\prime+}$ ( 0.5
, ). $u_{1}’$
. A, $B$ (




7 ( 1) .
A, $B$ , A
, , $B$
, . , 6
, A .
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$($ a $)$ A $(\omega_{0}^{+}=0.14)$















, VITA( ) VITA$(-)$ , VITA$(+)$
, . ,
VITA$(+$ $)$ ( A ), VITA$(-)$ ( $B$ )
, $B$ A
, VITA$(+)$ VITA$(-)$
( A, $B$ $|\omega_{0}^{+}-2\gamma^{+}|$ ).
8 ( $x_{3}$ ) $\zeta+$ (



















0.2 , $(u_{1}^{+}, u_{2}^{\prime+})$
). A ,
$-:f$ (Q4) , (Q2) .
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